ABSTRACT
Introduction
Plants have essential needs for some micronutrients but some elements in higher dosed may become toxic and can cause extreme metabolic disorder and inhibit plant growth (1) . It is known that excess concentrations of some metals, such as Cu(II) and Cd(II), can reduce seed germination (4) as well as the formation of plant organs and developing plant tissues.
Many studies are based on examining the toxic effects of heavy metals on seeds, seedling or mature plants by exposing the objects to the contaminants (13, 14) . It is confirmed that tobacco accumulates cadmium and copper as well as other potential heavy metals and it has been pointed that the intensity of accumulation is correlated with the soil pH (2) .
In order to improve plant protection it is very important to understand the mechanisms that contribute to stress tolerance as well as the consequences toxicity cause. The aim of the study is to present the metabolic disturbances in tobacco raw material that has been indicated by heavy metals: copper, cadmium and lead and their effects on reducing the quality of the analysed material. Fungicides are effective protective agents for plant diseases of phytopatogens and bacteria only used in preferred concentrations. Ridomil gold is active fungicide generally used for field treatments in concentration 0,3% (3mg/g) as prevention agent for the spreading of Perenospora tabacina A (9) . Another part of our investigations was to examine the potential toxicity of the used high concentrations of the fungicide Ridomil gold and the disturbances it possibly may cause on organic production in tobacco.
Materials and Methods
The one year survey was conducted in controlled conditions in a glasshouse at the Botanic Garden, Institute of Biology, Faculty of Natural Sciences and Mathematics, 1000 Skopje, R. Macedonia. In order to determine the effects of the applied concentrations of heavy metals we used tobacco leaf samples of two oriental types JAKA (Jv-125/3) and PRILEP (P-156) from the first leaf insertion (lower leaves The treated objects were compared to a control group of tobacco plants.
The samples were previously dried at 60 o C. The concentration of antocyanins was measured using fresh and dried leaf tissue and spectrophometric quantified (510nm).
Carbohydrates were determined by the method of Dubois et al. (1956) and the concentration of organic acids was calculated by titrimetric analyses with sodium chloride.
Results and Discussion
The results followed our assumptions that heavy metals extremely destabilise the production of secondary biomolecules. The concentrations of heavy metals and fungicide mentioned previously in figures are stated as I, II, III and IV concentration. Plants often exhibit multiple stress resistance mechanisms. The efficiency of metal detoxification in plants varies depending on the plant specie and the morphological structure of organelles of cell where damage due to metal accumulation is least (6) .
Antocyanins are one of the greatest antioxidants in plants and have role of signalling biomolecules for the toxic effects of the environment. These common flavonoids as well as some oxidoreductase (catalase, peroxidase) are one of the first indicators for stress caused by toxicity. The stress could be alleviated by increased levels of antioxidative systems (8) . Increasing concentration of antocyanins from the control group presents the stress conditions of intoxication but also the plant attempting to normalize the stress situation (by decreasing the antioxidant levels). Although examined varieties of tobacco have similar physiological characteristics they differ in their resistance capabilities. Cu is potentially toxic to many plants (3) . It is involved in the synthesis of antocyanins which explains the increased concentration of antocyanins in leaves treated with this metal (Fig.2) . P-156 showed that fourth dose of application of Cu and Cd as well as the third dose of Pb application appears as stress concentration concluded by the increased level of antocyanins (Fig.1) . Lead is found to be the most toxic element used in this investigation. Dye to its slow mobility in soil the expected effects on plants-antioxidant activity have not been reported. Direct application of fungicide on leaves resulted with immediate antioxidant response by tobacco plant, presented as increasing the concentration of antocyanins after the first treatment.
Sugars (reductive or soluble carbohydrates) are found to be decisive factor for the quality of tobacco raw material (12) . It is confirmed that row containing 14 The results showed that both varieties (JAKA and PRILEP) have high quality characteristics. The high concentrations of heavy metals (especially copper and cadmium) lead to increasing the concentration of sugars. Only plants treated with fungicide showed decreasing the content of sugars in leaf tissue. Noticeable changes caused all toxicants but copper: leaves treated with copper showed limited soluble carbohydrate concentrations in levels that imply high quality (14-17%) although this element impacts the photosynthetic organic formation. But the fact that the young lower leaves are the first that appear we cannot give a general conclusion of copper effects on carbohydrate synthesis in this phase.
Apart from the consumption-enhancing pyrolysis products, many toxic (including carcinogenic) smoke compounds are generated from sugars (formaldehyde, acetaldehyde and acetone) (11). and they contribute to the aromatic features of tobacco smoke. This explains their importance for the quality of the material and the fact that many contemporary analyses has been made to measure their concentration in tobacco plants (7, 10) . Control plants showed the difference of the aromatic quality of both varieties: JAKA is generally known as one of the most aromatic tobacco type compared to the other oriental variety. Relying to the fact that analysed material has been collected from the lower leaves, high concentration of organic acid cannot be expected because they are synthesized during maturation of plants. The results showed the dependence of the organic acids concentration on the heavy metal application. Citric acid, for instance, has been hypothesized to be a major Cd 2+ ligand at low Cd concentrations. An increased organic acid exudation as a metal resistance mechanism was shown in a number of plant species (6) . Studies based on investigating metal detoxication in plants reported high turnover of organic acids (phytate, malate, citrate, oxalate, succinate, aconitate, a-ketoglutarate) as one of the methods for neutralising toxic effects heavy metals caused (5) . Stress concentrations impact the synthesis of organic acids by intensifying the respiration process (Krebs cycle) which leads to increasing the concentrations of lactic, acetic and malic acid. Fungicide Ridomil gold generally acted as a stress factor in all applied doses (Fig.3) .
Conclusions
1. During our study we confirmed our expectations for heavy metals induced disturbances in the production of organic biomolecules.
2. The increased concentration of antocyanins in plants exposed to heavy metals compared to the control group presents the stress conditions of intoxication but also the plant attempting to normalize the stress situation.
3. P-156 showed that fourth dose of application of Cu and Cd as well as the third dose of Pb application appears as stress concentration concluded by the increased level of antocyanins.
4. Lead is found to be the most toxic element used in this investigation and dye to its slow mobility in soil the expected effects on plants-antioxidant activity have not been reported.
5. The application of fungicide on leaves resulted with immediate antioxidant response by tobacco plant, presented as increasing the concentration of antocyanins after the first treatment.
6. The exposure to heavy metals (especially copper and cadmium) increased the concentration of sugars. Plants treated with fungicide showed decreasing in the content of sugars in leaf tissue.
7. Leaves treated with copper showed limited soluble carbohydrate concentrations in levels that imply high quality (14-17%) although this element impacts the photosynthetic organic formation.
8. The results showed the dependence of the organic acids concentration on the heavy metal application.
9. Stress (treatment with heavy metals as well as fungicide) impact the synthesis of organic acids by intensifying the respiration which leads to increasing the concentrations of lactic, acetic and malic acid. 10 . The results from this study can be taken as reliable sources for the consequences in organic production caused by heavy metal exposure of plants and the overdose uses of fungicides similar to Ridomil gold.
